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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an electron- 
emitting device, an electron beam in which a number of 
electron-emitting elements are arranged, and a method 
for forming an image-forming apparatus such as a dis- 
play constituted by using such an electron source. More 
specifically, the present invention relates to a method 
for manufacturing an electron emitting- device compris- 
ing a substrate, a pair of electrodes formed on the sub- 
strate, and a film having a narrow gap and connected 
between the electrodes. 

Related Background Art 

[0002] Conventionally, as electron-emitting devices, 
two kinds of devices, i.e., a heat electron-emitting de- 
vice and cold cathode electron-emitting device are 
known. The cold cathode electron-emitting device is di- 
vided into electrical field emitting type, metal/insulator/ 
metal type and surface conduction electron-emitting 
type. 

[0003] A construction and manufacturing method for 
the surface conduction electron-emitting device is dis- 
closed in Japanese Patent Application Laid-open No. 
7-235255 and Japanese Patent No. 2903295. 
[0004] Now, the surface conduction electron-emitting 
device disclosed in the above documents will be briefly 
explained. 

[0005] As shown in a sectional view of Fig. 8, the sur- 
face conduction electron-emitting device includes a pair 
of opposed device electrodes 2, 3 disposed on a sub- 
strate 1 , and a conductive film 84 connected between 
the electrode and having an electron-emitting region 85. 
[0006] The electron-emitting region 85 includes a por- 
tion which is formed by fracturing, deforming or deteri- 
orating a part of the conductive film 84 and in which a 
gap is formed, and deposits 86 mainly including carbon 
and/or carbon compound are formed on the conductive 
film within and near the gap by processing called as "ac- 
tivation". Incidentally, the deposits are configured to be 
opposed to each other with a gap portion narrower than 
the aforementioned gap. 

[0007] The activation processing is effected by con- 
tinuing to apply pulse-shaped voltage to the device for 
a predetermined time period in an atmosphere including 
organic substance. In this case, as the shape shown in 
Fig. 8 is formed, current (device current If) flowing 
through the device and current (emission current le) 
emitted into vacuum are increased greatly, thereby ob- 
taining a better electron-emitting property. 
[0008] By using an electron source in which a plurality 
of the above-mentioned electron-emitting devices are 
formed and by combining such an electron source with 



an image-forming member comprised of fluorescent 
substance, an image-forming apparatus such as a flat 
display panel can be constituted. 
[0009] On the other hand, Japan se Patent Applica- 
5 tion Laid-open No. 9-237571 discloses a method for 
manufacturing an electron-emitting device, comprising, 
in place of the activation processing, a step for coating 
organic material such as thermosetting resin, electron 
beam negative resist or polyacrylonitrile on a conductive 

10 fjtm and a step for effecting carbonizing. 

[0010] However, in the above-mentioned device, it is 
inevitable to use a step (called as "forming") for forming 
a gap by energizing the conductive film, and material 
and thickness of the conductive film are selected so that 
the forming can be achieved preferably. 
[001 1 ] More specifically, in order to reduce an electric 
power required for the forming and to produce a good 
gap, it has been proposed to use a fine particle film of 
palladium oxide as the conductive film. 

20 [0012] In addition, since it is difficult to obtain ade- 
quate electron emission by means of the gap formed by 
the forming, there has been a technique in which car- 
bons or carbon compounds are opposed with each other 
with a narrower gap portion within the gap formed by the 

25 forming, by effecting the above-mentioned activation 
processing or the processing for coating organic poly- 
mer film and for effecting energization. 
[0013] Accordingly, the conventional devices arise 
the following two problems: 

30 

1 ) When the fine particle film is used as the conduc- 
tive membrane, it is not always easy to form the 
thickness and material of the film with high accura- 
cy, and, thus, when a number of electron-emitting 

35 devices such as a flat display panel are formed, uni- 
formity may be reduced. 

2) Since additional steps such as a step for creating 
the atmosphere including organic substance and a 
step for forming polymer film on the conductive film 

4o with high accuracy are required for forming the nar- 
rower gap portion having good electron-emitting 
property, management of the steps becomes com- 
plicated. 

45 [0014] To solve the above problems, there has been 
requested an electron-emitting device and a method for 
manufacturing such a device, in which device manufac- 
turing processing can be simplified and an electron- 
emitting property can be improved. 

so 

SUMMARY OF THE INVENTION 

[001 5] An object of the p resent invention is to provide 
an electron-emitting device capable of emitting elec- 
55 trons with high efficiency for a long term. 

[0016] Another object of the present invention is to 
provide a method for manufacturing an electron-emit- 
ting device, in which, in a manufacturing steps, a con- 
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ventional film forming processing can be simplified and, 
thus, due to simplification of process, cost can be re- 
duced. 

[00171 A further object of the present invention is to 
permit manufacture of an electron source or an image- 
forming apparatus in which a plurality of electron-emit- 
ting devices are arranged, by utilizing the electron emit- 
ting device and manufacturing method therefor accord- 
ing to the present invention and to realize an image- 
forming apparatus in which a high quality image having 
a large area can be displayed for a long term. 
[0018] According to the present invention, there is 
provided a method for manufacturing an electron-emit- 
ting device, comprising a step for forming a polymer film 
between a pair of electrodes formed on a substrate, a 
step for giving conductivity to the polymer film by heat- 
ing, and a step for providing potential difference be- 
tween the pair of electrodes. 

[0019] Further, according to the present invention, 
there is provided a method for manufacturing an elec- 
tron-emitting device, comprising a step for forming a pol- 
ymer film between a pair of electrodes formed on a sub- 
strate, a step for reducing electrical resistance of the pol- 
ymer film by heating the polymer film, and a step for pro- 
viding potential difference between the pair of elec- 
trodes. 

[0020] Further, according to the present invention, 
there is provided a method for manufacturing an elec- 
tron-emitting device, comprising a step for forming a pol- 
ymer film between a pair of electrodes formed on a sub- 
strate, a step for illuminating an electron beam onto at 
least a part of the polymer film, and a step for providing 
potential difference between the pair of electrodes. 
[0021] Further, according to the present invention, 
there is provided a method for manufacturing an elec- 
tron-emitting device, comprising a step for forming a pol- 
ymer film between a pair of electrodes formed on a sub- 
strate, a step for illuminating light onto at least a part of 
the polymer film, and a step for providing potential dif- 
ference between the pair of electrodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Fig. 1 A is a schematic plan view showing an elec- 
tron-emitting device manufactured by a method ac- 
cording to the present invention; 
Fig. 1 B is a sectional view along line 1 B-1 B in Fig. 
1A; 

Figs. 2A, 2B and 2C are schematic sectional views 
showing an example of a manufacturing method for 
a surface conduction electron-emitting device of the 
present invention; 

Figs. 3A, 3B and 3C are schematic sectional views 
showing another example of an electron-emitting 
device manufactured by the method according to 
the present invention; 



Figs. 4A, 4B and 4C are schematic sectional views 
showing a further example of an electron-emitting 
device manufactured by the method according to 
the present invention; 

Fig. 5 is a schematic view showing an example of 
a vacuum device having a measurement evaluating 
function; 

Figs. 6A, 6B, 6C f 6D and 6E are schematic views 
showing an example of steps for manufacturing an 
electron source having passive matrix arrange- 
ment; 

Fig. 7 is a schematic view showing an example of 
a display panel of an image-forming apparatus hav- 
ing passive matrix arrangement and manufactured 
by a method according to the present invention; 
Fig. 8 is a schematic sectional view of a convention- 
al electron-emitting device; and 
Fig. 9 Is a schematic graph showing an electron- 
emitting property of the electron-emitting device 
manufactured by the method according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] A first invention relates to a method for manu- 
facturing an electron-emitting device, comprising a step 
for forming a polymer film between a pair of electrodes 
formed on a substrate, a step for giving conductivity to 
the polymer film by heating, and a step for providing po- 
tential difference between the pair of electrodes. 
[0024] Further, in the first invention, the step for giving 
conductivity to the polymer film by heating may include 
a step for illuminating an electron beam onto at least a 
part of the polymer film or a step for illuminating light 
onto at least a part of the polymer film, and the light may 
be light emitted from a xenon lamp as a light source or 
light emitted from a halogen lamp as a fight source or 
laser beam, and the polymer film may be an aromatic 
polymer film, and the step for forming a polymer film may 
utilize an ink jet system. 

[0025] A second invention relates to a method for 
manufacturing an electron-emitting device, comprising 
a step for forming a polymer film between a pair of elec- 
trodes formed on a substrate, a step for reducing elec- 
trical resistance of the polymer film by heating the pol- 
ymer film, and a step for providing potential difference 
between the pair of electrodes. 

[0026] Further, in the second invention, the step for 
reducing electrical resistance of the polymer film by 
heating the polymer film may include a step for illumi- 
nating an electron beam onto at least a part of the pol- 
ymer film or a step for illuminating tight onto at least a 
part of the polymer film, and the. light may be light emit- 
ted from a xenon lamp as a light source or light emitted 
from a halogen tamp as a light source or laser beam, 
and the step for forming a polymer film may utilize an 
ink jet system. 
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[0027] A third invention relates to a method for man- 
ufacturing an electron-emitting device, comprising a 
st p for forming a polymer film between a pair of elec- 
trodes formed on a substrate, a step for illuminating an 
lectron beam onto at least a part of the polymer film, 
and a step for providing potential difference between the 
pair of electrodes. 

[0028] Further, in the third invention, the step for illu- 
minating an electron beam onto the polymer film may 
include a step for giving conductivity to at least a part of 
the polymer film or a step for reducing electrical resist- 
ance of the polymer film, and the polymer film may be 
an aromatic polymer film, and the step for forming a pol- 
ymer film may utilize an ink jet system. 
[0029] A fourth invention relates to a method for man- 
ufacturing an electron-emitting device, comprising a 
step for forming a polymer film between a pair of elec- 
trodes formed on a substrate, a step for illuminating light 
onto at least a part of the polymer film, and a step for 
providing potential difference between the pair of elec- 
trodes. 

[0030] Further, in the fourth invention, the step for il- 
luminating light onto the polymer film may include a step 
for giving conductivity to at least a part of the polymer 
film or a step for reducing electrical resistance of the 
polymer film, and the light may be light emitted from a 
xenon lamp as a light source or tight emitted from a hal- 
ogen lamp as a light source or laser beam, and the pol- 
ymer film may be an aromatic polymer film, and the step 
for forming a polymer film may utilize an ink jet system. 
[0031] A fifth invention relates to a method for manu- 
facturing an electron source having a plurality of elec- 
tron-emitting devices, wherein the electron-emitting de- 
vice is manufactured in accordance with any one of the 
first to fourth inventions. 

[0032] A sixth invention relates to a method for man- 
ufacturing an image-forming apparatus having an elec- 
tron source including a plurality of electron-emitting de- 
vices, and an image-forming member for forming an im- 
age by illumination of electron emitted from the electron 
source, wherein the electron source is manufactured by 
the above-mentioned manufacturing method. 
[0033] The polymer in the present invention means 
polymer including coupling between carbon atoms. 
[0034] When heat is applied to the polymer including 
coupling between carbon atoms, the coupling between 
carbon atoms is dissociated and re-coupled, thereby 
producing conductivity. The polymer having conductivity 
in this way is called as "pyrolytic polymer*'. 
[0035] Although the "pyrotytic polymer" in the present 
invention means the polymer to which the conductivity 
is given by application of heat, polymer obtained by fac- 
tors other than heat, for example, polymer obtained by 
dissociation/re-coupling by an electron beam or disso- 
ciation/re-coupling by photon in addition to dissociation/ 
re-coupling by heat is also referred to as pyrolytic poly- 
mer. 

[0036] In the pyrolytic polymer, it can be interpreted 



that the conductivity is increas d by increasing conju- 
gate double bond between th carbon atoms in th orig- 
inal polymer, and th conductivity is differentiated in de- 
pendence upon the degree of progress of pyrolysis. 
s [0037] Further, as polymer in which the conductivity 
is apt to be produced by the dissociation/re-coupling be- 
tween the carbon atoms, i.e., double bond between the 
carbon atoms is apt to be produced, aromatic polymer 
is known. Particularly, aromatic polyimide is polymer in 
which pyrolytic polymer having high conductivity can be 
achieved at a relatively low temperature. 
[0038] In general, although the aromatic polyimide is 
insulator itself, there are polymers having conductivity 
prior to pyrolysis, such as polyphenylene oxyadiazol 
and polyphenylene vinylene. Since these polymers fur- 
ther increase the conductivity by the pyrolysis to reduce 
electrical resistance, they can be used In the present 
invention preferably. 

[0039] According to the present invention, the elec- 
tron-emitting device can be formed by the step for form- 
ing the polymer film, step for effecting pyrolysis and step 
for forming a gap by energization, and, thus, the manu- 
facturing method can be simplified in comparison with 
the conventional method including a step for forming a 
conductive film, step for effecting forming, step for pro- 
ducing an atmosphere including organic substance (or 
step for forming a polymer film on the conductive film) 
and step for forming a gap portion between carbons or 
carbon compounds by energization. Further, since the 
pyrolytic polymer is changed to harder carbon material 
by application of heat, a heat resisting ability is also im- 
proved. Accordingly, an electron-emitting property 
which was conventionally limited by performance of the 
conductive film can be enhanced. 
[0040] Figs. 1 A and 1 B are schematic views showing 
a construction of the electron-emitting device according 
to the present invention, where Fig. 1 A is a plan view 
and Fig. 1B is a sectional view along line 1B-1B in Fig. 
1A. 

[0041] In Figs. 1 A and 1 B, the device includes a sub- 
strate 1, device electrodes 2, 3, polymer films 4 and a 
gap 5. Incidentally, In the present invention, the polymer 
film 4 may also be referred to as a "pyrolytic polymer 
film" since it includes pyrotytic polymer which will be de- 
scribed later. Further, in the present invention, the "pol- 
ymer film" and the "pyrolytic polymer film" and "film 
mainly including carbon" have the same meaning. Fur- 
ther, the films 4 mainly including carbon are disposed 
on the substrate 1 between the device electrodes 2, 3 
and on the device electrodes. Incidentally, in Fig. 1, al- 
though the films 4 mainly including carbon is schemati- 
cally shown to be laterally opposed to each other on the 
substrate and be separated from each other by the gap 
5, they may be partially interconnected. Namely, an as- 
pect in which a gap is formed in a part of the film mainly 
including carbon electrically connecting between the 
pair of electrodes can be adopted. Further, the polymer 
film 4 according to the present invention mainly includes 



15 



20 



25 



30 



35 



40 



45 



50 



4 



7 



EP 1 184 886 A1 



8 



carbon and also includes nitrogen. Further, it may in- 
clude hydrogen or boron, and, furthermore, it may in- 
clud metal such as silver. In the film mainly including 
carbon, it is important that contents (ratio of respective 
atoms to carbon atoms) of components other than car- 
bon be more reduced in areas adjacent to the gap 5 than 
in areas adjacent to the electrodes 2, 3. 
[0042] A glass substrate can be used as the substrate 
1 . Material of the opposed device electrodes 2, 3 may 
be normal conductive material, namely, film of metallic 
material or oxide conductor. 

[0043] As mentioned above, the polymer film 4 is pol- 
ymer having the coupling between the carbon atoms. 
[0044] The gap 5 is fissure-like gap formed in the pol- 
ymer film 4 and is a region where tunnel of electrons is 
generated upon application of an adequate electrical 
field to produce current, and a part of tunnel electrons 
becomes emitted electrons by scattering. 
[0045] Accordingly, it is desirable that conductivity is 
given to at least a part of the polymer film 4. The reason 
is that, if the polymer film 4 is insulative. even when po- 
tential difference is provided between the device elec- 
trodes 2 and 3, the electrical field is not applied to the 
gap 5 thereby not to emit the electrons. Preferably, at 
least so long as an area to which the conductivity is giv- 
en exists to connect the device electrode 2 (and the de- 
vice electrode 3) and the gap 5, the adequate electrical 
field can be applied to the gap 5. 
[0046] Figs. 2A to 2C show an example of a method 
for manufacturing the electron-emitting device in the 
present invention. Now, such as example of a method 
for manufacturing the electron-emitting device will be 
explained with reference to Figs. 1A and 1B and Figs. 
2A to 2C. 

(1) The substrate 1 is fully cleaned by using deter- 
gent, pure water, organic solvent and the like. Then, 
after device electrode material is deposited on the 
substrate by vacuum evaporation, spattering or the 
like, the device electrodes 2, 3 are formed on the 
substrate 1 , for example, by using a photolithogra- 
phy technique (Fig. 2A). Here, although noble metal 
such as platinum is preferably used as the device 
electrode material, as will be described later, if a la- 
ser illuminating process is performed, a film of oxide 
conductor as transparent conductor such as tin ox- 
ide or indium oxide (ITO) may be used, if necessary. 

(2) The polymer film 4 Is formed between the device 
electrodes 2 and 3 on the substrate 1 on which the 
device electrodes 2, 3 were formed (Fig. 2B). 

As a method for forming the polymer film 4, one 
of various well-known methods such as a rotary 
coating method, a printing method or a dipping 
method can be used. Particularly, the printing meth- 
od is preferable since a desired configuration of the 
polymer film 4 can be formed without using pattern- 
ing means. Among them, a printing method of ink 
jet type is effective to the manufacture of an electron 



source in which the electron-emitting devices are 
arranged with high density and which can be ap- 
plied to aflat display panel, because minute config- 
uration smaller than several hundreds of um can be 

5 formed directly. 

When the polymer film 4 is formed by the ink jet 
system, although solution of polymer material is ap- 
plied as liquid droplets and then is dried. If neces- 
sary, solution of desired precursor polymer may be 

10 applied as liquid droplets and then be polymerized 
by heating. 

In the present invention, although aromatic pol- 
ymer is preferably used as the polymer material, 
since the aromatic polymer Is often hard to be 
solved in solvent, it is effectively to use a method 
for coating precursor previously. As an example, 
polyamic acid solution as precursor for aromatic 
polyimide is coated (applied as droplets) by the Ink 
jet system and a polyimide film is formed by heating. 

20 

Incidentally, as solvent for solving the precursor 
for polymer, for example, N -methyl pyrrolidone, N, 
N-dimethyl acetoamide, N,N- dimethyl formalde- 
hyde or dimethyl sulfoxide may be used, and, n- 
25 butyl Cellosotve or triethanol amine may be added. 
However, so long as the solvent can be applied to 
the present invention, the solvent is not limited to 
the above-mentioned one. 

(3) Then, the polymer film 4 is subjected to a pyrol- 
30 ysis operation to form the pyrolytic polymer. The py- 
rolysis operation Is processing for producing con- 
ductivity by effecting dissociation/re-coupling of the 
coupling between the carbon atoms in the polymer. 

35 [0047] The method for forming the conductive pyro- 
lytic polymer can be achieved by heating the specific 
polymer up to a temperature greater than a decompo- 
sition temperature under an environment (for example, 
under inert gas environment or under vacuum) which 

40 does not occur oxidation. 

[0048] As mentioned above, although the aromatic 
polymer, particularly, aromatic polyimide has a high py- 
rolytic temperature as polymer, by heating at a temper- 
ature exceeding the pyrolytic temperature, typically, at 

45 a temperature of 700°C to 800°C or more, the pyrolytic 
polymer having high conductivity can be obtained. 
[0049] However, as is in the present invention, when 
the pyrolytic polymer is used as material for constituting 
the electron-emitting device, a method for heating the 

so polymer entirely by an oven or a hot plate may be sub- 
jected to limitation in the viewpoint of heat-resistivity of 
other con structural members. Particularly, regarding the 
substrate, it is limited to a substrate having particularly 
high heat-resistivity such as quarts glass substrate or a 

55 ceramic substrate, and, when it is considered to apply 
the substrate to a large area display panel, it becomes 
very expensive. 

[0050] Thus, in the present invention, as more prefer- 
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able means for effecting pyrolysis operation, illumina- 
tion of electron beam or illumination of light is-used, and 
the light illumination utilizes tight emitted from a xenon 
lamp or a halogen lamp as a light source or a laser 
beam. By such electron beam illumination or the light 
illumination, the polymer film 4 is locally heated, thereby 
obtaining the pyrolytic polymer without using an expen- 
sive substrate having high heat-resistivity. In this case, 
factors other than heat, for example, dissociation/re- 
coupling by using electron beam or dissociation/re-cou- 
pling by using photon may be added to the dissociation/ 
re-coupling by using the heat. 

[0051] Now, the actual pyrolysis operation will be ex- 
plained. 

(When electron beam illumination is effected) 

[0052] When the electron beam is illuminated, the 
substrate 1 on which the device electrodes 2, 3 and the 
polymer film 4 were formed is set in a vacuum container 
to which an electronic gun is mounted. The pyrolysis op- 
eration is effected by illuminating the electron beam 
from the electronic gun onto the polymer film 4. In this 
case, an illuminating condition for the electron beam is 
preferably, for example, acceleration voltage Vac great- 
er than 0.5 kV and smaller than 10 kV and current den- 
sity p greater than 0.01 mA/mm 2 and smaller than 1 mAJ 
mm 2 . Further, in this case, by monitoring a resistance 
value between the device electrodes 2, 3, the illumina- 
tion can be finished when a desired resistance value is 
obtained. 

(When laser beam illumination is effected) 

[0053] When the laser beam is illuminated, the sub- 
strate 1 on which the device electrodes 2, 3 and the pol- 
ymer film 4 were formed is set on a stage, and the py- 
rolysis operation is effected by illuminating the laser 
beam onto the polymer film 4. In this case, although it 
is preferable that the laser is illuminated under inert gas 
environment or under vacuum in order to prevent oxida- 
tion (burning) of the polymer film 4, the laser beam illu- 
mination may be effected under an atmosphere, de- 
pending upon the laser illumination condition. 
[0054] The laser beam illumination condition can be 
selected appropriately. For example, the laser illumina- 
tion is effected by using second high harmonic wave 
(having a wavelength of 632 mm) of a pulse YAG laser, 
and, by monitoring a resistance value between the de- 
vice electrodes 2, 3, the illumination can be finished 
when a desired resistance value is obtained. 
[0055] Incidentally, by selecting constructural materi- 
als so that optical absorbed wavelengths of the polymer 
film 4 and the device electrodes 2, 3 are differentiated 
and by illuminating a laser beam having a wavelength 
coinciding with the absorbed wavelength of the polymer 
film 4, only the polymer film 4 can substantially be heat- 
ed. Thus, this is more preferable. 



(When illumination other than laser is effected) 

[0056] When light other than laser is illuminated, the 
substrate 1 on which the device electrodes 2, 3 and the 

5 polymer film 4 were formed is set on a stage, and the 
light is illuminated onto the polymer film 4 and therea- 
round. In this case, although it is preferable that the light 
is illuminated under inert gas environment or under vac- 
uum in order to prevent oxidation (burning) of the poly- 

io mer film 4, the laser beam illumination may be effected 
under an atmosphere, depending upon the laser Illumi- 
nation condition. 

[0057] A xenon tamp or a halogen lamp is used as a 
light source, and, by collecting the light by light collecting 
is means to effect local light illumination, it is possible to 
heat the polymer film up to a temperature greater than 
800° C required for achieving the pyrolytic temperature 
of the polymer film. 

[0058] The xenon light includes from visual light to in- 
frared light substantially continuously and particularly 
has plural abrupt peak intensities in a wavelength band 
in near-infrared zone in the vicinity of wavelength of 1 
um; whereas, the halogen light mainly includes visual 
light. Accordingly, it is preferable that the light source is 
selected in accordance with the material of the polymer 
film or the electrode. 

[0059] The illuminated light acts to increase the tem- 
perature of the polymer film by directly absorbing the 
light by the polymer film, and, in some cases, acts to 
warm the electrodes by the light illuminated onto the 
electrodes near the polymer film, thereby heating the 
polymer film through heat conduction. Preference of 
these actions is determined by materials of the elec- 
trodes and of the polymer film. 

[0060] Incidentally, depending upon material of the 
substrate, the substrate may be thermally deformed. To 
avoid this, by pulse-modulating the light, excessive 
heating of the substrate can be suppressed. A condition 
for the pulse modulation can be set appropriately in ac- 
cordance with a heat amount generated, heat conduc- 
tivity of the substrate and a heat radiating amount. Inci- 
dentally, the pulse modulation is also effective to the 
above-mentioned laser beam illumination for the same 
reason. 

[0061] Further, regarding the tight to be illuminated, 
by selecting the light absorbing ability of the material 
constituting the polymer film 4 to be greater than the light 
absorbing ability of the material constituting the elec- 
trodes 2, 3, it is more preferable that substantially only 
the polymer film 4 is heated. 

[0062] Further, it is preferable that a resistance value 
between the electrodes 2 and 3 is monitored and the 
light illumination is finished when a desired resistance 
value is obtained. 

[0063] Since the light heating can perform light illumi- 
nation onto a greater area at once relatively easily by 
widening a light collecting area, the polymer film can be 
heated effectively even in a large area such as a panel. 
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[0064] As mentioned above, although the potymer 
film 4 change changed to the pyrolytic potymer by the 
electron beam illumination or the light illuminating utiliz- 
ing the light emitted from the xenon lamp or th halogen 
lamp as the light source or the laser beam, it is not nec- 
essary that the entire polymer film 4 must be subjected 
to pyro lysis. Even when only a part of the polymer film 
4 is subjected to pyro lysis, the following step can be per- 
formed. 

(4) Then, the gap 5 constituting the electron-emitting re- 
gion is formed in the polymer film 4 subjected to pyrol- 
ysis (Fig. 2C). 

[0065] The formation of the gap 5 is achieved by ap- 
plying voltage (flowing current) between the device elec- 
trodes 2 and 3. Incidentally, preferably, voltage to be ap- 
plied is pulse voltage. By such voltage applying process 
(energization operation), a part of the polymer film 4 is 
locally fractured, deformed or deteriorated to change a 
structure thereof, thereby forming the gap 5. 
[0066] Incidentally, the energization operation can al- 
so be performed by continuously applying voltage puls- 
es between the device electrodes 2 and 3, simultane- 
ously with the pyrolysis operation, i.e., while the electron 
beam illumination or the light illumination is being effect- 
ed. In any cases, it is desirable that this process is per- 
formed under a depressurized atmospheric condition, 
and, preferably, under an atmosphere having pressure 
smaller than 1 .3 x 1 0" 3 Pa. 

[0067] In the energization operation in this process, 
by applying the voltage pulses, current corresponding 
to a resistance value of the polymer film 4 flows. Accord- 
ingly, if the polymer film 4 has extremely low resistance, 
i.e., if the polymer film is a film well subjected to pyroly- 
sis, the energization operation in this process requires 
great electric power. In order to perform the energization 
operation with relatively small energy, the degree of 
progress of the pyrolysis may be adjusted or only a part 
of the polymer film 4 may be subjected to pyrolysis. 
[0068] When it is considered that the electron-emit- 
ting device according to the present invention is driven 
under the vacuum, it is not preferable that insulator is 
exposed under the vacuum. Thus, It Is preferable that 
the electron beam illumination or the light illumination 
utilizing the light emitted from the xenon lamp or the hal- 
ogen lamp as the light source or the laser beam reforms 
substantially the entire surface of the polymer film (ap- 
plies conductivity). 

[0069] Figs. 3A to 3C are schematic (sectional) views 
showing the polymer film 4 the surface of which is 
changed to pyroplytic polymer, where Fig. 3A shows a 
condition prior to the energization operation, Fig. 3B 
shows a condition immediately after the energization 
operation is started, and Fig. 3C shows a condition after 
the energization operation is finished. 
[0070] First of all, a surface area 4' of the polymer film 
4 subjected to pyrolysis is subjected to the energization 
operation, thereby forming a gap 5' (Fig. 3B). While the 
electrons tunneled through the formed gap 5* and are 



scattered against the opposed surface of the film sur- 
faces of the pyrolytic polymer to emit the electrons, an 
underlying polymer area which has not yet been sub- 
jected to pyrolysis is gradually subjected to pyrolysis, 

s and, ultimately, the gap 5 is formed through the whole 
thickness of the polymer membrane 4 (Fig. 3C). 
[0071 ] Incidentally, even when the area of the pyrolyt- 
ic polymer is at a side adjacent to the substrate or at an 
intermediate zone of the thickness of the film, the gap 5 

10 is formed through the whole thickness of the polymer 
film 4 ultimately. 

[0072] Figs. 4A to AC are schematic (plan) views 
showing the polymer membrane 4 a part of which is 
changed to the pyrolytic polymer in a direction parallel 

is to the surface of the substrate, where Fig. 4A shows a 
condition prior to the energization operation, Fig. 4B 
shows a condition immediately after the energization 
operation is started, and Fig. 4C shows a condition after 
the energization operation is finished. 

20 [0073] First of all, a surface area 4' of the polymer film 
4 subjected to pyrolysis is subjected to the energization 
operation, thereby forming a narrow gap 5' (Fig. 4B). 
While the electrons tunneled through the formed gap 5' 
and are scattered against the opposed surface of the 

25 film surfaces of the pyrolytic polymer to emit the elec- 
trons, an underlying polymer area which has not yet 
been subjected to pyrolysis Is gradually subjected to py- 
rolysis, and, ultimately, the gap 5 is formed through the 
whole thickness of the polymer film 4 in the direction 

30 substantially parallel to the surface of the substrate (Fig. 
4C). 

[0074] Incidentally, as mentioned above, in many cas- 
es, when the polymer film 4 partially subjected to pyrol- 
ysis is used, good electron emitting property can be ob- 

35 tained. Although the reason is not clear, it is guessed 
that, since the polymer not subjected to pyrolysis is apt 
to be shifted toward the vicinity of the gap 5 by heat dif- 
fusion, the gap more suitable for electron emission is 
formed and held, thereby providing a structure which is 

40 hard to be deteriorated by the driving. 

[0075] As shown in Fig. 9, the electron -emitting de- 
vice obtained by the above-mentioned processes has a 
threshold voltage Vth, so that, although the electrons 
are not substantially emitted if voltage smaller than the 

45 threshold voltage is applied between the electrodes 2 
and 3, when voltage greater than the threshold voltage 
is applied, emission current (le) from the device and de- 
vice current (If) flowing between the electrodes 2 and 3 
start to be generated. 

so [0076] Due to such a property, an electron source in 
which a plurality of electron-emitting devices according 
to the present invention are arranged on the same sub- 
strate in a matrix pattern can be formed, and passive 
matrix driving for selectively driving the desired device 

55 (s) can be achieved. 

[0077] Accordingly, by forming the electron source by 
using the electron-emitting devices of the present inven- 
tion and by combining the electron source with an im- 
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ag -forming member, for example, an image-forming 
apparatus such as a flat panel display having a large 
picture plane can be formed. 

[Embodiments] 

[0078] Although embodiments of the present inven- 
tion will now be described, the present invention is not 
limited to such embodiments. 

[Embodiment 1 1 

[0079] As the electron-emitting device according to an 
embodiment 1, the electron-emitting device of type 
shown in Figs. 1 A and 1 B was formed by using a method 
simitar to the manufacturing method shown in Figs. 2A 
to 2C. Now, the method for manufacturing the electron- 
emitting device according to the embodiment 1 will be 
described with reference to Figs. 1A and 1B and Figs. 
2Ato2C. 

[0080] A quartz glass substrate was used as the sub- 
strate 1 , and the substrate 1 was fully cleaned by using 
pure water, organic solvent and the like. Thereafter, the 
device electrodes 2, 3 made of platinum were formed 
on the substrate 1 (Fig. 2A). In this case, a distance L 
between the device electrodes was selected to 1 0 u.m, 
a width of the device electrode was selected to 500 jxm 
and a thickness of the device electrode was selected to 
100 jxm. 

[0081] Then, pofyamic acid solution (PIX-L110; man- 
ufactured by Hitachi Kasei Co., Ltd.) as precursor for 
aromatic polyimide and solution diluted by N-methyl pyr- 
rolidone/triethanol amine solvent up to resin ratio of 3% 
were rotary-coated on the substrate manufactured in 
this way by means of a spin-coater. Then , a temperature 
was Increased up to 350°C under vacuum to effect bak- 
ing, thereby obtaining polyimide. In this case, a film 
thickness of polyimide was selected to 30 nm. 
[0082] The polyimide film was patterned to form a 
square configuration of 300 ujti x 300 ujn straddling be- 
tween the device electrodes 2 and 3 by a photolithogra- 
phy technique, thereby forming the polymer film having 
a desired configuration (Fig. 2B). 
[0083] Then, the substrate 1 on which the device elec- 
trodes 2, 3 and the polymer film 4 were formed was set 
in a vacuum container to which an electronic gun was 
mounted and adequate air discharge was performed. 
Thereafter, electron beam having acceleration voltage 
Vac of 1 0 kV and current density p of 0.1 mA/mm 2 was 
illuminated onto the whole surface of the polymer film 4. 
In this case, resistance between the device electrodes 
2 and 3 was measured, and the electron beam illumina- 
tion was stopped when the resistance was reduced to 
1 kn. 

[0084] Then, the substrate 1 on which the device elec- 
trodes 2, 3 and the polymer film 4 subjected to the elec- 
tron beam illumination were formed was transferred into 
a vacuum device shown in Fig. 5. 



[0085] Here, in Fig. 5, the reference numeral 51 d - 
notes a power supply for applying the voltag toth de- 
vice; 50 denotes an ammeter for measuring th device 
current If; 54 denotes an anode electrode for measuring 
5 the emission current le generated by the device; 53 de- 
notes a high voltage power supply for applying voltage 
to the anode electrode 54; and 52 denotes an ammeter 
for measuring the emission current. In the measurement 
of the device current If and the emission current le of 
10 the electron-emitting device, the power supply 51 and 
the ammeter 50 are connected to the device electrodes 
2, 3 and the anode electrode 54 to which the power sup- 
pry 53 and the ammeter 52 are connected Is disposed 
above the electron-emitting device. Further, the elec- 
ts tron-emitting device and the anode electrode 54 are in- 
stalled in a vacuum device which includes a discharge 
pump (not shown) and a vacuum gauge (not shown) re- 
quired for the vacuum device so that evaluation of the 
electron-emitting device can be measured under de- 
20 sired vacuum. Incidentally, a distance H between the an- 
ode electrode and the electron-emitting device was se- 
lected to 4 mm and pressure in the vacuum device was 
selected to 1 xiO^Pa. 

[0086] By using the system shown in Fig. 5, the gap 

25 5 was formed in the polymer film 4 by applying bipolar 
rectangular pulses having voltage of 2.5 V, pulse width 
of 1 msec and pulse interval of 10 msec. 
[0087] By the above-mentioned steps, the electron- 
emitting device of the embodiment 1 was manufactured. 

30 [0088] Then, when the drive voltage of 22 V was ap- 
plied between the device electrodes 2 and 3 of the elec- 
tron-emitting device of the embodiment 1 while applying 
voltage of 1 kV to the anode electrode 54 in the vacuum 
device of Fig. 5, it was found that If was 0.6 mA and le 

35 was 4.2 u>A and that the stable electron-emitting prop- 
erty was maintained for a long term. 
[0089] Lastly, when the electron-emitting device of the 
embodiment 1 was cut and a cut section near the gap 
5 was observed by an electronic microscope of perme- 

40 able type (TErvl). it was found configuration similar to 
those shown in Figs. 1 B and 3C was ascertained. 

[Embodiment 2] 

45 [0090] The electron-emitting device according to an 
embodiment 2 fundamentally has a configuration similar 
to that of the electron-emitting device of the embodiment 
1. 

[0091 ] Similar to the embodiment 1 , N-methyl pyrro- 
so lidone/n-butyl Cellosolve solution of 3% of polyphe- 
nylenen hydrazide as precursor for potyphenylene ox- 
isadiazol was rotary-coated on the quartz glass sub- 
strate on which the device electrodes 2, 3 formed from 
platinum were formed, manufactured in this way by 
55 means of a spin-coater. Then, a temperature was in- 
creased up to 310°C under vacuum to effect baking, 
thereby obtaining poiyphenylene oxisadiazolfilm having 
a thickness of 30 nm. 
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[0092] The polyphenylene oxisadiazol film was pat- 
terned to form a square configuration of 300 jim x 300 
um straddling between the device electrodes 2 and 3 by 
a photolithography technique, thereby forming the pol- 
ymer film having a desired configuration. 
[0093] Then, after the electron beam was illuminated 
on the entire surface of the polymer film 4 under the 
same condition as the embodiment 1 , the substrate was 
transferred into the vacuum device shown in Fig. 5. 
[0094] Further, similar to the embodiment 1 1 by using 
the system of Fig. 5 and by applying bipolar rectangular 
pulses having voltage of 22 V, pulse width of 1 msec and 
pulse interval of 1 0 msec between the device electrodes 
2 and 3, the gap 5 is formed in the polymer film 4, thereby 
forming the electron-emitting device of the embodiment 
2. 

[0095] Then, when the drive voltage of 20 V was ap- 
plied between the device electrodes 2 and 3 of the elec- 
tron-emitting device of the embodiment 2 while applying 
anode voltage of 1 kV in the vacuum device of Fig. 5 
and the device current If and the emission current le 
flowing at this time were measured, it was found that If 
was 01 8 mA and le was 3.5 pA and that the stable elec- 
tron-emitting property was maintained for a long term. 
[0096] Lastly, when the electron-emitting device of the 
embodiment 2 was cut and a cut section near the gap 
5 was observed by an electronic microscope of perme- 
able type (TEM), it was found configuration similar to 
those shown in Figs. 1 B and 3C was ascertained. 

[Embodiment 3] 

[0097] The electron-emitting device according to an 
embodiment 3 fundamentally has a configuration similar 
to that of the electron-emitting devices of the embodi- 
ments 1 and 2. 

[0098] Similar to the embodiment 1 , the quartz glass 
substrate 1 on which the device electrodes 2, 3 com- 
prised of platinum and the polymer film 4 comprised of 
polyimide film were formed was set in a vacuum con- 
tainer to which an electronic gun was mounted and ad- 
equate air discharge was performed. Thereafter, bipolar 
rectangular pulses having voltage of 25 V, pulse width 
of 1 msec and pulse interval of 10 msec were applied 
between the device electrodes 2 and 3 while illuminating 
electron beam having acceleration voltage Vac of 7 kV 
and current density p of 0.1 mA/mm 2 onto the whole sur- 
face of the polymer film 4. In this case, the current flow- 
ing between the device electrodes 2 and 3 was gradually 
increased, and, after the current was increased up to 
about 2.5 rnA, since the current was suddenly de- 
creased, the electron beam illumination was stopped. 
[0099] Then , when the device was picked up and was 
cut and a cut section near the gap 5 was observed by 
an electronic microscope of permeable type (TEM), it 
was found configuration similar to that shown in Fig. 3B 
was ascertained. 

[0100] Further, by using the system of Fig. 5, bipolar 



rectangular pulses having voltage of 25 V, pulse width 
of 1 msec and pulse interval of 10 msec were applied 
again between the device electrodes 2 and 3 of a devic 
similarly formed. 

5 [0101] Through the above processes, the electron- 
emitting device of the embodiment 3 was manufactured. 
[0102] Then, when the drive voltage of 22 V was ap- 
plied between the device electrodes 2 and 3 of the elec- 
tron-emitting device of the embodiment 3 while applying 

10 anode voltage of 1 kV in the vacuum device of Fig. 5 
and the device current If and the emission current le 
flowing at this time were measured, it was found that If 
was 1 .0 mA and le was 5.3 uA and that the stable elec- 
tron-emitting property was maintained for a long term. 

is [01 03] Lastly, when the electron-emitting device of the 
embodiment 3 was cut and a cut section near the gap 
5 was observed by an electronic microscope of perme- 
able type (TEM), it was found configuration similar to 
that shown in Fig. 3C was ascertained. 

20 

[Embodiment 4] 

[0104] The electron-emitting device according to an 
embodiment 4 fundamentally has a configuration similar 
25 to that of the electron-emitting devices of the aforemen- 
tioned embodiments. 

[0105] A quartz glass substrate was used as the sub- 
strate 1 , and the substrate was fully cleaned by using 
pure water, organic solvent and the like. Thereafter, the 

30 device electrodes 2, 3 made of ITO were formed on the 
substrate 1. In this case, a distance L between the de- 
vice electrodes was selected to 1 0 um, a width of the 
device electrode was selected to 500 urn and a thick- 
ness of the device electrode was selected to 100 ujti. 

35 [0106] Similar to the embodiment 1 , the polymer film 
4 comprised of polyimide film was formed on the sub- 
strate manufactured in this way. 
[0107] Then, the substrate 1 on which the device elec- 
trodes 2, 3 comprised of ITO and the polymer film 4 com- 

40 prised of polyimide film were formed was set on a stage 
(under atmospheric pressure), and second high har- 
monic wave (SHG: wavelength of 632 nm) of Q switch 
pulse Nd:YAG laser (having pulse width of 100 nm, re- 
peating frequency of 10 kHz, energy of 0.5 mJ (per 

45 pulse) and beam diameter of 1 0 uin) was illuminated on- 
to the polymer film 4. In this case, the second high har- 
monic wave was illuminated onto the polymer film 4 with 
a width of 1 0 um along a direction directing from the de- 
vice electrode 2 to the device electrode 3. Further, the 

50 resistance between the device electrodes 2 and 3 was 
measured, and, when the resistance was reduced up to 
10 kn, the electron beam illumination was stopped. 
[0108] Here, when the device was picked up and was 
observed by an electronic microscope of permeable 

55 type (TEM), it was found configuration similar to that 
shown in Fig. 4A was ascertained. 
[0109] Then, similar to the embodiment 1, by using 
the system of Fig. 5 and by applying bipolar rectangular 
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pulses having voltage of 25 V, pulse width of 1 msec and 
pulse interval of 1 0 msec between the device electrodes 
2 and 3, the gap 5 was formed in the polymer film 4, 
thereby manufacturing the electron-emitting device of 
the embodiment 4. 

[0110] Then, when the drive voltage of 22 V was ap- 
plied between the device electrodes 2 and 3 of the elec- 
tron-emitting device of the embodiment 4 while applying 
anode voltage of 1 kV in the vacuum device of Fig. 5 
and the device current If and the emission current le 
flowing at this time were measured, it was found that If 
was 0.8 mA and le was 4.2 \iA and that the stable elec- 
tron-emitting property was maintained for a long term. 
[01 1 1 ] Lastly, when the electron-emitting device of the 
embodiment 4 was observed by an electronic micro- 
scope of permeable type (TEM), it was found configu- 
ration similar to that shown in Fig. 4C was ascertained. 

[Embodiment 5] 

[0112] In an example 5, an electron source in which 
the electron-emitting devices according to the present 
invention were arranged in a matrix pattern and an im- 
age-forming apparatus were manufactured. 
[01 1 3] Figs. 6A to 6E are schematic views for explain- 
ing steps for manufacturing the electron source of the 
embodiment 5 and Fig, 7 is a schematic view showing 
the Image-forming apparatus of the embodiment 5. 
[0114] Figs. 6A to 6E show a part of the electron 
source of the embodiment 5 in an enlarged scale, and 
the same elements as those in Figs. 1 A and 1 B are des- 
ignated by the same reference numerals. The reference 
numeral 62 denotes X-direction wiring; 63 denotes Y- 
direction wiring; and 64 denotes an insulator layer be- 
tween layers. Incidentally, in Figs. 6A to 6E, the sub- 
strate 1 is omitted from illustration. 
[0115] In Fig. 7, the same elements as those in Figs. 
1A and 1B and Figs. 6A to 6E are designated by the 
same reference numerals. The reference numeral 71 
denotes a face plate in which a fluorescent film and Al 
metal back are laminated on a substrate; 72 denotes a 
support frame for adhering the face plate 71 to the sub- 
strate 1 ; and 73 denotes a high voltage terminal. The 
substrate 1, face plate 71 and support frame 72 consti- 
tutes a vacuum closed container. 
[01 1 6] Now, the embodiment 5 will be described with 
reference to Figs. 6A to 6E and Fig. 7. 
[0117] An ITO film having a thickness of 100 nm was 
deposited on a glass substrate having high strain point 
(manufactured by Asahi Glass Co., Ltd.; PD200: 
softening point of 830°C, annealing point of 620°C, 
strain point of 570°C) by a spattering method, and the 
device electrodes 2, 3 comprised of ITO film were 
formed by using a photolithography technique. (Fig.6A). 
A distance between the device electrodes 2 and 3 was 
selected to 10 nm. 

[01 1 8] Then , Ag paste was printed by a screen print- 
ing technique, and the X-direction wiring 62 was formed 



by heat baking (Fig. 6B). 

[0119] Then, an insulation paste was printed at a po- 
sition corresponding to a junction between th X-direc- 
tion wiring 62 and Y-direction wiring 63 by a sere n print- 
s ing method, and the insulation layer 64 was formed by 
heat backing (Fig. 6C). 

[0120] Further, Ag paste was printed by a screen 
printing method, and Y-direction wiring 63 was formed 
by heat baking, thereby forming matrix wiring on the 

10 substrate 1 (Fig. 6D). 

[0121] At a position straddling the device electrodes 
2 and 3 of the substrate 1 on which the matrix wiring 
was formed, N-methyl pyrrol idone/triethanol amine so- 
lution of 3% of polyamic acid as precursor for polyimide 

is was coated around a center between the device elec- 
trodes. This was baked at a temperature of 350° C under 
vacuum, thereby obtaining polymer films 4 comprised 
of a circular polyimide film having diameter of about 1 00 
pm and a thickness of 300 nm (Fig. 6E). 

20 [01 22] Then, the substrate 1 on which the device elec- 
trodes 2, 3 comprised of ITO, matrix wirings 62, 63 and 
polymer film 4 comprised of polyimide film were formed 
was set on a stage (under atmospheric pressure), and 
second high harmonic wave (SHG) of Q switch pulse 

25 Nd:YAG laser (having pulse width of 100 nm, repeating 
frequency of 1 0 kHz, energy of 0.5 mJ (per pulse) and 
beam diameter of 1 0 um) was illuminated onto the re- 
spective polymer films 4. In this case, the second high 
harmonic wave was illuminated onto the polymer films 

30 4 with a width of 1 0 um along a direction directing from 
the device electrode 2 to the device electrode 3 thereby 
to form conductive areas having progressed pyrofysis 
on parts of the polymer films 4. 

[0123] The substrate 1 manufactured in this way and 
35 the face plate 71 were opposed to each other (surfaces 
on which the fluorescent film and the metal back were 
formed were opposed to each other) and were arranged 
via the support frame 72, and seal bonding was effected 
by using frit glass at a temperature of 400°C. Inciden- 
ce tally, a film on which three colors (RGB; red, green, blue) 
were arranged in a stripe pattern was used as the fluo- 
rescent film. 

[0124] Air was discharged from the interior of the 
closed container constituted by the substrate 1 , face 

<s plate 71 and support frame 72 by means of a vacuum 
pump through a discharge tube (not shown), and, fur- 
ther, in order to maintain the vacuum, after heating op- 
eration of a non-evaporating getter (not shown) (activa- 
tion operation of getter) was effected within the closed 

so container, the container was sealed by welding the dis- 
charge tube by a gas burner. 

[0125] Lastly, the gaps 5 were formed in the polymer 
films 4 by applying bipolar rectangular pulses having 
voltage of 25 V, pulse width of 1 msec and pulse interval 
55 of 10 msec between the device electrodes 2 and 3 
through the X-direction wiring and the Y-direction wiring, 
thereby manufacturing the electron source and the im- 
age-forming apparatus of the embodiment 5. 
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[0126] In the image-forming apparatus completed in 
this way, when vottage of 22 V was applied to the se- 
lected desired electron-emitting device through the X- 
di recti on wiring and the Y-direction wiring and voltage 
of 8 kV was applied to the metal back through the high 5 
voltage terminal 73, it was found that a good bright im- 
age could be formed for a long term. 

[Embodiment 6] 

w 

[0127] In an embodiment 6, in place of the electron 
beam of the embodiment 1 , xenon light was illuminated 
to form the electron-emitting device under the same 
condition except for the xenon light illumination. 
[01 28] The xenon light illumination in the embodiment 15 
6 was effected as follows. 

[01 29] The substrate 1 on which the device electrodes 
2, 3 and the polymer film 4 were formed in the same 
manner as the embodiment 1 was set on a stage (under 
atmospheric pressure), and the xenon light was illumi- 20 
nated onto the polymer film 4 to reform a part of the pol- 
ymer film 4, thereby forming a conductive area having 
progressed pyrolysis. 

[01 30] The xenon lamp as the light source had 1 .5 W 
(rated). Although wavelength of the light includes bands 25 
from visual area to infrared area substantially continu- 
ously, particularly, the light has strong light emitting in- 
tensity in the near-infrared band in the vicinity of wave- 
length of 800 nm to 1 um Incidentally, although the pol- 
ymer film used in the embodiment 6 can absorb the light so 
throughout a wide wavelength band from the visual area 
to the infrared area, particularly, the film has a higher 
absorbing property in the vicinity of the infrared band. 
[01 31 ] The light emitted from the light source was col- 
lected by a parabotoidal reflector disposed behind the 35 
light source and was incident on a light guide comprised 
of a bundle of optical fibers. The light at an input end 
has about 400 W or less. Further, the light was guided 
on the stage through the light guide, and, further, the 
light is collected to achieve a diameter of 5 mm by a 40 
collective lens attached to a distal end of the tight guide 
to illuminate it onto a rear plate. 

[0132] tn this case, a shutter was provided at an inci- 
dent end of the light guide so that the light was pulse- 
modulated by opening and closing the shutter at a pre- 45 
determined interval. The pulse modulating condition 
was set to open time period of 1 00 ms and close time 
period of 200 ms. The optimum light power and pulse 
condition must be adjusted in dependence upon the ma- 
terial of the polymer film, material of the electrode and so 
configuration. 

[0133] The illuminated light was directly absorbed by 
the polymer film to increase the temperature of the pol- 
ymer film, and the electrodes were warmed by the light 
illuminated on the electrodes near the polymer film, and ss 
heat conduction from the electrodes increased the tem- 
perature of the polymer film. In this way, the polymer film 
was heated. 



[0134] In this case, voltage of 1 V was applied b - 
tween the device electrodes 2, 3 and the resistance was 
monitored, and, when change in resistance becomes 
small, the light illumination was stopped. It was found 
the required illumination time was about 2 minutes. 
[0135] Incidentally, when a halogen lamp is used as 
the light source, the similar effect can be obtained. How- 
ever, since a light absorbing property of the polymer film 
differs from that of the electrode, the pulse applying con- 
dition must be set in accordance with the properties. 
[0136] Similar to the embodiment 1 , also in the elec- 
tron-emitting device of the embodiment 6 manufactured 
in this way, stable electron-emitting property could be 
maintained for a long term. 

[0137] According to the electron-emitting device of 
the present invention, the electron emission can be ef- 
fected with high efficiency for a long term, and, in the 
manufacturing process therefor, since the number of 
film forming steps can be reduced to one, the process 
can be simplified to reduce the cost. 
[0138] Furthermore, the electron source in which a 
plurality of electron-emitting devices are arranged or the 
image-forming apparatus can be manufactured by uti- 
lizing the electron-emitting devices and manufacturing 
method therefor according to the present invention, and 
the image-forming apparatus in which a good bright im- 
age having a large area can be displayed for a long term 
can be realized. 

[0139] The present invention provides a method for 
manufacturing an electron-emitting device, comprising 
a step for forming a polymer film between a pair of elec- 
trodes formed on a substrate, a step for giving conduc- 
tivity to the polymer film by heating, and a step for pro- 
viding potential difference between the pair of elec- 
trodes. 



Claims 

1. A method for manufacturing an electron-emitting 
device, comprising: 

a step for forming a polymer film between a pair 
of electrodes formed on a substrate; 
a step for giving conductivity to said polymer 
film by heating; and 

a step for providing potential difference be- 
tween said pair of electrodes. 

2. A method according to claim 1 , wherein the step for 
giving conductivity to said polymer film by heating 
includes a step for illuminating an electron beam on- 
to at least a part of said polymer film. 

3. A method according to claim 1 , wherein the step for 
giving conductivity to said polymer film by heating 
includes a step for illuminating light onto at least a 
part of said polymer film. 
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4. A method according to claim 3, wherein the light is 
light emitted from a xenon lamp as a light source. 

5. A method according to ciaim 3, wherein the light is 
light emitted from a halogen lamp as a light source, s 

6. A method according to daim 3 /wherein the light is 
a laser beam. 

7. A method according to claim 1 1 wherein said poly- 10 
mer film is an aromatic polymer film. 

8. A method according to claim 1 , wherein the step for 
forming a polymer film utilizes an ink jet system. 

15 

9. A method for manufacturing an electron-emitting 
device, comprising: 



tween said pair of electrodes. 

17. A method according to claim 16, wherein the step 
for illuminating the electron beam onto said polymer 
film includes a step for giving conductivity to at least 
a part of said polymer film. 

18. A method according to claim 16, wherein the step 
for illuminating the electron beam onto said polymer 
film includes a step for reducing electrical resist- 
ance of said polymer film. 

19. A method according to claim 16, wherein said pol- 
ymer film is an aromatic polymer film. 

20. A method according to claim 1 6, wherein the step 
for forming a polymer film utilizes an Inkjet system. 



a step for forming a polymer film between a pair 21 . A method for manufacturing an electron-emitting 

of electrodes formed on a substrate; 20 device, comprising: 
a step for reducing electrical resistance of said 

polymer film by heating said polymer film; and a step forforming a polymer film between a pair 

a step for providing potential difference be- of electrodes formed on a substrate; 

tween said pair of electrodes. a step for illuminating light onto at least a part 

25 of said polymer film; and 

10. A method according to claim 9, wherein the step for a step for providing potential difference be- 
reducing electrical resistance of said polymer film tween said pair of electrodes. 

by heating said polymer film includes a step for illu- 
minating an electron beam onto at least a part of 22. A method according to claim 21, wherein the step 
said polymer film. 30 for illuminating light onto said polymer film includes 

a step forgiving conductivity to at least a part of said 

1 1 . A method according to claim 9, wherein the step for polymer film, 
reducing electrical resistance of said polymer film 

by heating said polymer film includes a step for illu- 23. A method according to claim 21 , wherein the step 

minating light onto at least a part of said polymer 35 for illuminating light onto said polymer film includes 

film. a step for reducing electrical resistance of said pol- 
ymer film. 

12. A method according to daim 11, wherein the light 

is light emitted from a xenon lamp as a light source. 24. A method according to claim 23, wherein the light 

40 is light emitted from a xenon lamp as a light source. 

13. A method according to claim 11, wherein the light 

is light emitted from a halogen lamp as a light 25. A method according to claim 23, wherein the light 

source. is light emitted from a halogen lamp as a light 

source. 

14. A method according to claim 11, wherein the light 45 

is a laser beam. 26. A method according to claim 23, wherein the light 

is a laser beam. 

15. A method according to claim 9, wherein the step for 

forming a polymer film utilizes an ink jet system. 27. A method according to ciaim 21 , wherein said pol- 

50 ymer film is an aromatic polymer film. 

16. A method for manufacturing an electron-emitting 

device, comprising: 28. A method according to claim 21 1 wherein the step 

forforming a polymer film utilizes an Inkjet system. 

a step forforming a polymer film between a pair 

of electrodes formed on a substrate; ss 29. A method for manufacturing an electron source 

a step for illuminating an electron beam onto at having a plurality of electron-emitting devices, 

least a part of said polymer film; and wherein: 
a step for providing potential difference be- 
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said electron-emitting device is manufactured 
in accordance with any one of methods accord- 
ing to claims 1 to 28. 

30. A method for manufacturing an image-forming ap- s 
paratus having an electron source including a plu- 
rality of electron-emitting devices, and an image- 
forming member for forming an image by illumina- 
tion of electron emitted from said electron source, 
wherein: 10 

said electron source is manufactured by a 
method according to claim 29. 



15 



20 



25 



30 



40 



45 



13 



EP 1 184 886 A1 




FIG. 1B 
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